It was shown by Bronk, Pitts and Larrabee (2), Cannon, Raule and Schaefer (4) and Sell, Erdelyi and Schaefer (14) that a marked increase of the efferent impulses in the sympathetic nerves, particularly in the cardiac sympathetic nerves and renal branch of the abdominal sympathetic nerves, was evoked by stimulating the central end of the peripheral sensory nerves. It was pointed out by them, furthermore, that such a reflexly increased activity in the sympathetic nerves was abolished with the removal of the hypothalamus (2) or with the transection of the upper cervical segments (14) . However, the reflex response of the efferent impulses in the long ciliary nerve to nociceptive stimuli has not been studied by any authors.
The object of the present experiments was to find the reflex responses in the long ciliary nerve produced with sciatic stimulation, as well as, the role of the upper brain upon the development of these responses, observing the action potentials from individual fiber of the long ciliary nerve.
Thus it has been demonstrated that, if a certain condition be satisfied, the spontaneous discharge from the long ciliary nerve is not only facilitated, but also inhibited by stimulating the sciatic nerve centrally.
METHODS
The experiments were performed on cats weighing 2-4 kg. and slightly anesthetized with 0.25-0. Spontaneous activity in single active unit was usually composed of impulses recurring at a regular frequency of 1-2 per second.
There were also considerable number of inactive fibers under resting conditions. Electrical stimulation of the central end of the sciatic nerve evoked invariably a marked response in the activity of the long ciliary nerve as observed in other sympathetic nerves (2, 4, 10, 14) . Single unit being inactive under resting conditions responded usually with one impulse to single stimulus applied to the central end of the sciatic nerve as shown in fig. 1 B, while in fibers discharging spontaneous impulses a single stimulus produced one impulse (x mark in fig. 1 C and D) which was followed by a transient silent period, during which spontaneous activity in the sympathetic nerve was abolished entirely and whose duration was inconstant. The silent period following the evoked potentials had been already observed in other sympathetic nerves by some authors (4, 10, 13, 14) . The observed response was not always composed of one spike and frequently composed of a few impulses as shown in fig. 1 A.
The latency in such responses evoked by threshold stimulus (1--2 volts) was usually found within the range from 80 to 100 msec., but occasionally was far longer than its value even in the same fiber and with a strong stimulus.
The latency was however usually slightly shortened with the increase of the stimulus intensity.
Responses to repetitive stimulation:
When the central end of the sciatic nerve was repetitively stimulated a marked increase of the impulse discharge of the long ciliary nerve was elicited, continuing for some time with a gradual return to normal activity after the cessation of stimulation as illustrated in fig. 3 . Such an augmented activity became more and more remarkable with the increase of the stimulation frequency until the impulse frequency as high as about 20 c/sec. was reached as illustrated in fig. 2 . In such responses the long ciliary nerve fired as a rule once to each stimulus, provided that the stimulus frequency was lower (2-5 c/sec.), though the latency in successive responses showed a slight variation, whereas in stimulation with a moderate frequency of pulses (10-20 c/sec.) the response in the sympathetic nerve failed some times at irregular intervals during the stimulation particularly in the later stage of stimulation as shown in fig. 2 and 3 , and such partial failures in responses became usually frequent with the enhance of the stimulation frequency.
On the other hand the after-discharge on the cessation of stimulation could be elicited even with stimulation of the frequency as low as 1 or 2 cycles per second as observed in fig. 3 A, and such after-discharges became more and more marked as the stimulus frequency increased ( fig. 3 B) . In fibers being silent under resting conditions similar excitatory responses were produced with repetitive stimulation of the sciatic nerve as illustrated in fig. 3A . Responses of this type were obtained with sciatic stimulation on either side. Similar results were observed in 8 cases.
An inhibitory response on stimulation of the sciatic nerve, however, could not be recognized in spite of varying the frequency and voltage of stimuli. Action potentials: led from the left long ciliary nerve.
The right sciatic nerve was centrally stimulated with the pulses whose duration, intensity and frequency were I msec., 3 volts and 2 c/sec. respectively. B: response in active units of the long ciliary nerve.
Cat, 2.1 kg. Urethane narcose. Action potentials: led from a single active unit of the left long ciliary nerve.
The right sciatic nerve was centrally stimulated with the pulses whose duration, intensity and frequency were 1 msec., 4 volts and 10 c/sec. respectively.
Arrows indicated moments of stimulation.
Time, 1/12 sec.
In decorticate cats the effects of electrical stimulation of the sciatic nerve upon the efferent impulses from the long ciliary nerve were similar to those in non-decerebrate cats; i.e., the pronounced enhanced activity with a marked after-discharge was observed as shown in fig. 4 . Similar results were confirmed in 3 cases.
Furthermore, in the cats in which the anterior half of the interbrain was removed a marked excitatory response was also recognized. However, after the functional connection between the hypothalamus and the midbrain had been interrupted by transecting the brain stem through the level just cranial to the superior colliculus, the excitatory response of the sympathetic nerve to sciatic stimulation was greatly reduced as presented in the following section.
Such observations give evidence that spontaneous activity of the long ciliary nerve is markedly increased by nociceptive stimuli as observed in other sympathetic nerves, and the interbrain particularly the hypothalamus plays an important role in the occurrence of a marked reflex increased activity of the long ciliary nerve.
Effects of sciatic stimulation in decerebrate cats
As mentioned in our previous article (11), the long ciliary nerve in decerebrate cats by transecting the brain stem at the level of the pretectal region or at the midcollicular level discharged still considerable spontaneous impulses though the number of active fibers diminished somewhat than that in normal cats. Electrical stimulation of the central end of the sciatic nerve caused various responses in such spontaneous discharges; in some fibers a slightly excitatory effect was produced, whereas in other fibers reversely an inhibitory effect.
Excitatory response:
Single active fiber did not frequently respond to single volley applied to the sciatic nerve, but responded to a few or several stimuli with one single impulse.
Accordingly, the latency of the first response was usually far longer than that in the non-decerebrate cat.
In the excitatory response of the long ciliary nerve to repetitive sciatic stimulation the successively evoked impulses were far less in frequency than the given stimulation, and the responses followed only some of the stimuli at longer intervals. led from a single unit of the left long ciliary nerve. The right sciatic nerve was centrally stimulated with the rectangular pulses. The stimulation frequency in record A and B was 10 c/sec. and 50 c/sec. respectively, but the duration (1 msec.) and strength (3 volts) of pulses were the same in both records.
The period of stimulation was indicated by a bar at the bottom.
and they were far less in frequency than that in response of the normal or thalamic cats. Fig. 6 shows an excitatory response in single unit being silent under resting conditions to repetitive sciatic stimulation.
As observed in this figure the reflex increase of the impulse discharge was occasionally very slight, and during stimulation of high frequency the interval of successive impulses became gradually longer with the elapse of time ( fig. 6 B) . Similar slightly increased response were observed on 12 different fibers.
Furthermore, one of the peculiarities of the excitatory response in decerebrate cats was the fact that a striking after-discharge which could be recognized in normal or thalamic cats was not produced even after high frequency stimulation.
It may be stated, accordingly, that the after-discharge following the reflex enhanced activity in the long ciliary nerve of the normal cat is resulted from the reflex activation of the interbrain especially the hypothalamus. In the medullary animals a slightly increased activity on stimulation of the sciatic nerve as mentioned above could also be recognized.
One example is illustrated in fig. 7 . Record A in this figure was obtained from a few active units of the long ciliary nerve in the decerebrate cat, whereas record B was. led from the same fibers just after the removal of the cerebellum and then transecting the brain stem at the level of the facial colliculi on the dorsal surface of the caudal end of the pons.
As observed in this figure the spontaneous discharge in the long ciliary nerve of the medullary animal was similar in frequency to that prior to the transection of the pons, and the excitatory response to sciatic stimulation was not affected with the removal of the midbrain and pons.
However soon after the pontile transection the spontaneous discharge in the long ciliary nerve became gradually forcible owing to asphyxia brought about by the so-called apneustic breathings which might presumably be resulted from a partial damage of the normal respiratory centers (8, 9) situated at the lateral reticular formation of the ponto-medullary junction. In The right sciatic nerve was centrally stimulated with the rectangular pulses. The stimulation frequency, duration and strength were 10 c/ sec., 1 msec. and 5 volts respectively, and they were the same in both records.
A: the response in the decerebrate cat. B: the response in the same cat after the removal of the cerebellum and the transection of the caudal end of the pons. Arrows indicated moments of stimulation. Action potentials: led from a few active units of the left long ciliary nerve. The right sciatic nerve was centrally stimulated with the rectangular pulses. The stimulus intensity in record A and C was 4 volts and 9 volts respectively, but the duration (1 msec.) and frequency (10 c/sec.) of pulses were the same in both records. Records A and B were continuous. Cat, 2.5 kg. Urethane narcose.
The spinal cord was transected at the level of the 3rd cervical segment.
Action potentials: led from the left long ciliary nerve.
The right sciatic nerve was centrally stimulated with the rectangular pulses about an hour after the spinal transection.
The stimulus frequency, intensity and duration were 10 c/sec., 15 volts and 1 msec. respectively. Furthermore a noticeable observation in the present study is reflex inhibition in the long ciliary nerve.
It has been generally accepted that the nociceptive stimuli evoke the increase of the sympathetic tonus.
Our results have shown evidently that after the removal of the hypothalamus painful stimuli are able to evoke a reflex inhibition besides a slightly reflex excitation in the long ciliary nerve and these dual effects usually occur in different fibers with each other.
Regarding the mechanism of the development of such a reflex inhibition, the following various ways will be considered: 1) The cilio-spinal centers which are possible to discharge the autochthonous impulses without any impingement of afferent impulses (11) may directly be inhibited with the afferent impulses from the sciatic nerve in the absence of higher centers.
2) The spontaneous activity in some nerve cells in the medullary sympathetic centers increasing the tonus of the cilio-spinal centers may be inhibited with the sciatic afferent impulses.
3) A hypothetical inhibitory sympathetic center exists in the medulla oblongata, and the tonic activity of some nerve cells in the cilio-spinal centers may indirectly be inhibited by the impulses descending from the inhibitory center whose activity may be increased with the afferent impulses from the sciatic nerves.
The present study has demonstrated that at least there is inhibition caused by the 1st way.
Furthermore, the fact that reflex inhibition of the long ciliary nerve in the decerebrate or medullary cats is frequently evoked even with the stimuli far weaker than those required in the spinal cats suggests that the medulla oblongata may also play a role upon reflex inhibition of the long ciliary nerve, and it may be developed with either the 2nd or 3rd way, or both, though it is considerably hypothetical. The silent period following the initial burst observed in the reflex response to single stimulus applied to the central end of the sciatic nerve may partially be attributable to such active inhibition described above besides the subnormal excitability in the spinal or medullary sympathetic centers following the intense activity.
Furthermore, the fact that reflex inhibition in the long ciliary nerve is unable to be produced with repetitive sciatic stimulation so far as the hypothalamus is intact may be interpreted as follows: inhibition of the spontaneous activity in some nerve cells of the spinal or medullary sympathetic centers resulting from the mechanism described above seems to presumably be concealed with the forcible excitatory impulses descending from the hypothalamus whose activity will be increased markedly with the afferent impulses from the sciatic nerve.
Sell et al. (14) 
